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A high concentration of chromium atoms is found to stick to and diffuse into the silicon surface 
after a Sirtl etch. These impurity atoms can only partly be removed by the conventional HF 
etching followed by acetone rinsing. Sideways diffusion through the walls of the etched S pits have 
been proposed to account for this phenomenon. 
PACS numbers: 66.30.Jt, 66.30.Ny, 61.70.Jc 
Chromium oxide has been extensively used as an oxi-
dizer in the chemical etching of semiconductors for defect 
analysis and pattern delineation in device fabrication. We 
find that a high concentration of chromium atoms dissolve 
and diffuse near the semiconductor surface even if the etch-
ing process is performed at room temperature. The diffused 
chromium atoms locate at the substitutional lattice sites of 
the silicon and cannot be removed by conventional cleaning 
agents (e.g., in sequence ofHF etching and acetone rinsing). 
Cr in Si provides deep-impurity levels which may reduce the 
carrier lifetime and degrade the device performance. 
In this work, ion backscattering and channeling have 
been used to study the diffusion of Cr in Si during chemical 
etching. The etchant as applied by Sirtl and Adler! consists 
of one part concentrated HF and one part Cr03 (5 M, 500 gI 
1 of solution). The solubility and diffusion of Cr in Si after 
etching are too high to be explained by their room-tempera-
ture values which are extrapolated from the empirical equa-
tion obtained at high temperatures. The possible explanation 
is that the etching ofSi02 by HF exothermally releases local 
heat for the oxidation of Si by cr03 and the diffusion of Cr. 
This local temperature near the reaction surface is much 
higher than the ambient temperature making diffusion easi-
er. Furthermore, sideways diffusion through the etched S 
pits and oxidation enhanced diffusion are probably responsi-
ble by the high solubility ofCr atoms measured by ion back-
scattering. 
A plot of the etch rate in a log scale versus liT, as 
shown in Fig. 1, indicates that the etching rates at low tem-
peratures are different for different surface atomic packings. 
Below 30 ·C, the etching rate in amorphous silicon is the 
highest, followed by the (111) plane, and the (100) is the 
slowest. The etching rate is consistent with the surface ener-
gies which in turn are determined by the cleavage technique2 
showing that the values for the Illl} surface are 1230, 1510 
for the 111O}, and for the IlOO} 2130 ergs/cm2. At low tem-
peratures, the surface removal rate may be slower than the 
diffusion rate of the oxidant in the liquid indicating a chemi-
cal reaction controlled process. Localized defects which are 
completely removed during an etch leave shallow flat bot-
tomed features called saucers of Spits. 3 Figure 2(a) is the 
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Nomarski photograph of the etched (111) surface. The facet-
ed etch pits are shown on the etched Illl} planes but not for 
1100} planes. Figure 2(b) shows the pinholes in a hydroge-
nated amorphous-silicon film deposited on a crystalline Si 
substrate. After etching, as shown in Fig. 2(c), the edges of 
the circles stick out, indicating that the edges of the circles 
are of higher packing than the central parts during the blis-
tering of hydrogen bubbles.4 
As the temperature increases the reaction rate at the 
surface becomes higher than the diffusion rate in the solid. 
The process is therefore diffusion limited. In this situation, 
variations in dissolution rate which depend on the properties 
of the solid (e.g., orientation, dislocation, and density, etc.) 
become irrelevant (as can be seen from the high-temperature 
parts of Fig. 1) resulting in a polishing etch. 
The (100)-oriented Rutherford backscattering (RBS) 
spectrum of a freshly Sirtl-etched silicon surface, as shown in 
Fig. 3, indicates that an oxide layer containing a high con-
centration of chromium atoms is remanent. A large reduc-
tion of the chromium peak can be seen if the oxide layer is 
removed by etching with a concentrated HF solution. The 
surface peak (the hatched area A of Fig. 3) in the aligned 
spectrum is due to the direct backscattering of the incident 
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FIG. 1. Plot of the log etch rate vs liT for amorphous, (111), and (100) 
silicon. 
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FIG. 2. Nomarski photography of (a) the (III) etched Spits (b), the hydroge-
nated amorphous silicon before, and (c) after Sirtl etching. 
He + particle from silicon atoms displaced from their regular 
lattice sites into random positions. The displaced atoms per 
square centimeter in the dechanneling region near the sur-
face is given by 
N _ A 8E 
D- n [;]' (1) 
where n is the height of the random spectrum at the surface, 
8E the energy width of a channel, and [€] the stopping cross 
section.5 Before etching in concentrated HF the areal den-
sity of Cr in the oxide layer is 2 X 1016 cm - 2• After etching 
this value is reduced to 6.7x 1013 cm- 2• The Cr concentra-
tion at a depth of 950 A after etching as found from the 
spectrum is 3.4 X 1018 cm -3. This value is incompatible with 
those given by Feichtinger6 obtained from electron spin reso-
nance (ESR) measurements. 
The angular scan curves as measured in energy win-
dows behind the surface peak of the channeling spectrum are 
shown in Fig. 4. Although the statistical fluctuations are 
large for this small concentration of Cr atoms it can be noted 
that the angular scan curve of the impurity atoms match that 
the the host atoms. This measurement, which has been re-
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FIG. 3. Rutherford backscattering spectra for (a) freshly Sirtl-etched sur-
face showing an oxide layer of thickness 700 A and a high concentration of 
Cr in Si02, and (b) the oxide layer being removed by HF etching. The tailing 
of the Cr random spectrum of sample (b) has a higher intensity than the 
aligned spectrum due to the superposition of substitutional and randomly 
distributed signals. 
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FIG. 4. Angular scan measurements throughthe (100) crystal direction for 
Si and Cr. The half-width 1/11/2 for the (100) axial channeling is 0.434° from 
the calculated and is 0.48° from the measured and X m;n = 0.034. 
peated for several samples, reveals the fact that most of the 
Cr atoms are on substitionallattice sites. Substitutional dif-
fusion is assumed to occur and to be associated with the 
simultaneous presence of interstitial diffusion supported by 
the migration of monovacancies in thermal equilibrium 7 ac-
cording to the following chemical reaction: 
interstitial impurity + vacancy +± substitutional impurity. 
(2) 
For diffusion into a medium with the boundary layer to 
be removed or etched in the direction of diffusion, the equa-
tion for determining the diffusion coefficient has the form8 
N(x - vt,t) = N(X',t) 
_ No [ rti ( x' + vt ) + - vx'/D rfi ( x' - vt )] 
--ec e ec 2 2(Dt )1/2 2(Dt )1/2 ' 
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FIG. 5. Schematic drawing to illustrate the diffusion ofCr atoms from in-
wards and sideways through the etched S pits. The photograph attached on 
the comer shows a high density of S pits on the (100) Si after Sirtl etching. 
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where x' = x - vt is the diffusion length measured from the 
actual boundary at any given time, and v the etching rate. At 
room temperature, the etching rate of Si is about 3.5 pm/ 
min, and the solute concentration of Cr on the liquid-solid 
interface No is 6.7X 1019 cm- 3• With these values inserted 
intoEq.(3), weobtainD (T) equalto 2.28 X .1O- 12 cm2/s. The 
Arrhenius diffusion coefficient of Cr in Si as determined by 
the p-n junction method has the following expression9 : 
D (T) = 0.01 exp( - 1.0 eV /KT)cm2 S-I. (4) 
Assuming that this diffusion equation still holds as low tem-
peratures, we need a local temperature of T = 249 ·C to jus-
tify the diffusion coefficient as obtained at room-tempera-
ture etching. This local temperature at the reaction interface 
for exothermic chemical etchnig is likely. The diffusion coef-
ficient as evaluated from Eq. (3) is very insensitive to the 
absolute values of the chromium source concentrations and 
the depth distribution since the etching rate is close to the 
diffusion rate. Consequently, a reasonable diffusion coeffi-
cient is obtained from the RBS spectrum even which shows 
an abnormally high solubility of Cr in Si. 
The abnormally high solubility of Cr in Si obtained 
from the RBS spectrum after a Sirtl etching at room tem-
perature cannot be explained from a simple consideration of 
a one-dimensional diffusion process. For the presence of 
etched saucer pits, as shown in the inset of Fig. 5, we have in 
addition to the inward diffusion from the surface, a sideway 
diffusion from the walls of the pit wells. More point defects 
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near the surface are generated during oxidation due to vol-
ume expansion for forming Si02• IO The diffusion of Cr is 
enhanced by point defects existing both on the front surface 
and on the walls of etched saucer pits. These impurity atoms 
diffuse substitutionally via a monovacancy mechanism. This 
can be illustrated by a schematic drawing shown in Fig. 5. 
The channeling particles are unable to distinguish between 
impurity atoms which are diffused from the surface or from 
the walls of the etch pits. Thus, the depth distribution and 
the concentration of Cr atoms as given by the backscattering 
spectra are not reliable. 
The authors are indebted to Professor J. Lombaard for 
his stimulating discussion in the channeling measurement 
during the study of this work. 
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